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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode for a solid 
electrolyte which is chemically stable and sensitive to oxygen ion 
conductivity, making an oxygen sensor or a fuel cell operable in a wide 
temperature range by increasing the contact area of particles by forming 
a thin film fine structure in which ruthenium oxide fine particles and 
stabilized zirconia fine particles are uniformly dispersed. 
SOLUTION: The electrode for the solid electrolyte is formed in such a 
way that ruthenium oxide-yttrium stabilized zirconia composite 
electrode having thin film fine structure comprising fine particles having 
almost uniform particle size of an average particle size of 1 nm to 100 ju 
m, and in which the yttrium stabilized zirconia phase and the ruthenium 
oxide phase are uniformly dispersed each other on the particle level is 
formed on the surface of an oxygen ion conductive solid electrolyte 
substrate made of zirconium oxide containing a stabilizer. 
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CLAIMS 

[Claim(s)J 
[Claim 1] 

The electrode for solid electrolytes characterized by forming the ruthenium oxide-yttrium fully-stabilized- 
zirconia composite electrode which it has [ electrode ] the thin film fine structure which mean particle diameter 
becomes from the very fine particle of homogeneity particle size mostly by 1nm - 100 micrometers, and made 
the homogeneity distribution of an yttrium fully-stabilized-zirconia phase and the ruthenium oxide phase carry 
out mutually on particle level in the front face of the solid electrolyte substrate of oxygen ion conductivity which 
consists of a zirconium dioxide containing a stabilizing agent. 
[Claim 2] 

Said ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode is an electrode for solid electrolytes 
according to claim 1 characterized by forming the volume ratio of a ruthenium oxide phase and an yttrium fully- 
stabilized-zirconia phase in - (5/95) (99/1). 
[Claim 3] 

The electrode for solid electrolytes characterized by forming the ruthenium oxide electrode which has the thin 
film fine structure which mean particle diameter becomes from the very fine particle of homogeneity particle size 
mostly by 1nm - 100 micrometers in the front face of the solid electrolyte substrate of oxygen ion conductivity 
which consists of a zirconium dioxide containing a stabilizing agent.. 
[Claim 4] 

Said ruthenium oxide electrode is an electrode for solid electrolytes according to claim 3 characterized by having 
the thin film fine structure formed in the oxygen gas content ambient atmosphere with the organic metal CVD 
method (MOCVD law) by using a ruthenium organometallic complex as a raw material. 
[Claim 5] 

The solid electrolyte substrate in which the solid electrolyte substrate in which said ruthenium oxide-yttrium 
fully-stabilized-zirconia composite electrode was formed, or said ruthenium oxide electrode was formed is an 
electrode for solid electrolytes according to claim 1, 2, 3, or 4 characterized by being the configuration member 
of an oxygen sensor or a fuel cell. 
[Claim 6] 

The process which carries out the heating evaporation of a ruthenium organometallic complex, a zirconium 
organometallic complex, and the yttrium organometallic complex, respectively, The process which conveys said 
each organometallic complex which made inert gas evaporate as carrier gas to up to the solid electrolyte 
substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent 
with oxygen gas, The ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which has the thin 
film fine structure which becomes the front face of said solid electrolyte substrate heated to predetermined 
temperature from the mixed phase of a ruthenium oxide phase and an yttrium fully-stabilized-zirconia phase, and 
consists of a very fine particle of homogeneity particle size mostly The manufacture approach of the electrode 
for solid electrolytes characterized by having the process formed with an organic metal CVD method. 
[Claim 7] 

The manufacture approach of the electrode for solid electrolytes characterized by to have the process which 
carries out the heating evaporation of the ruthenium organometallic complex, the process which convey said 
ruthenium organometallic complex which made inert gas evaporate as carrier gas to up to the solid-electrolyte 
substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent 
with oxygen gas, and the process which form the ruthenium-oxide electrode which has the thin film fine 
structure which consists of a very fine particle of homogeneity particle size mostly in the front face of said 
solid-electrolyte substrate heated to predetermined temperature with an organic metal CVD method. 
[Claim 8] 

The manufacture approach of the electrode for solid electrolytes according to claim 6 or 7 characterized by 
using a dipivaloyl meta-NETO ruthenium as said ruthenium organometallic complex, and using a dipivaloyl meta- 
NETO zirconium as said zirconium organometallic complex, and using a dipivaloyl meta-NETO yttrium as said 



yttrium organometallic complex. 
[Claim 9] 

The manufacture approach of the electrode for solid electrolytes according to claim 6, 7, or 8 characterized by 
using the dipivaloyl meta-NETO ruthenium which faced making ruthenium trichloride and dipivaloyl methane 
react under existence of an alkaline reaction accelerator, and compounding a dipivaloyl meta-NETO ruthenium, 
flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw material, refined this rough raw 
material by the column-chromatography method, refined by sublimation further, and was obtained as said 
ruthenium organometallic complex. 
[Claim 10] 

Operation of the electrode for solid electrolytes characterized by using the ruthenium oxide-yttrium fully— 
stabilized-zirconia composite electrode which makes- an yttrium fully-stabilized-zirconia phase the main phase 
with the electrode for solid electrolytes according to claim 1 in corrosive molten metal. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the electrode for solid electrolytes of oxygen ion conductivity applied to a solid oxide 

type oxygen sensor, a solid oxide fuel cell, etc., and its manufacture approach list at the operation. 

[0002] 

[Description of the Prior Art] 

Generally as a solid electrolyte of oxygen ion conductivity, the ingredient which made stabilizing agents, such as 
a calcium oxide or an oxidization yttrium, dissolve is used for the zirconium dioxide as fully stabilized zirconia. 
[0003] 

Since the operating temperature of these solid electrolytes is high, a solid oxide type oxygen sensor and the 
electrode material of a solid oxide fuel cell are required to have high conductivity, high corrosion resistance, and 
the catalytic activity over the dissociative reaction of an oxygen molecule, and, as for current, noble metals, 
such as platinum, are used for them. 
[0004] 

On the other hand, ruthenium oxide (Ru02) is a metallic oxide with electronic conduction nature, and is expected 
as a new electrode for solid electrolytes from having high conductivity (- 105S/(cm)) and catalytic activity. Here, 
as an example using ruthenium oxide as an electrode of a solid oxide type oxygen sensor, it is indicated by the 
patent reference 1, for example. In this official report, ruthenium oxide is used as an inside electrode. And 
ruthenium oxide is made a paste, heating baking is performed at an elevated temperature, and an electrode is 
made to form. 

[Patent reference 1] JP,8-122297,A 
[0005] 

However, thickness control is difficult, when the magnitude of the ruthenium oxide particle under paste is as 
large as a number - 10 microns of numbers, the electrode consists of a particle of a number - 10 microns of 
numbers in the direction of thickness and it forms the electrode of about several microns thickness by the 
method of forming the ruthenium oxide electrode by paste baking. And it is difficult to demonstrate demand 
characteristics, such as original high conductivity which it can be burned and ruthenium oxide has in response to 
the effect of the solvent evaporation at the time, a lipobiolite ghost, etc., high corrosion resistance, and high 
catalytic activity over the dissociative reaction of an oxygen molecule, and the platinum electrode is actually 
used as an electrode material of a solid oxide type oxygen sensor. 
[0006] 

However, in the elevated temperature, sintering of a platinum particle advanced gradually, and the platinum 

electrode had the problem which a particle makes big and rough. 

[0007] 

[Problem(s) to be Solved by the Invention] 

In order to acquire high oxygen ionic conduction, it is necessary to operate the fully stabilized zirconia used as a 
solid electrolyte from the former at about 1000 degrees C. However, also in the temperature field where oxygen 
ionic conduction is small, if an electrode can catch oxygen ionic conduction sensitively, reduction of the 
operating temperature of an oxygen sensor can be attained. The more resistance of an electrode and a fully- 
stabilized— zirconia interface is low, the more it can be said that the electrode is sensitive to oxygen ionic 
conduction. In order to reduce this resistance, it is indispensable to increase the touch area of an electrode and 
fully stabilized zirconia. To make small magnitude of the particle which constitutes an electrode and to raise the 
adhesion of fully stabilized zirconia and an electrode, in order to increase a touch area etc. has been tried. 
However, it is impossible to make the touch area of an electrode and fully stabilized zirconia larger than the 
surface area of fully stabilized zirconia. 
[0008] 

Moreover, if it is going to carry out the quantum of the oxygen density in metallic-sodium melt metallurgy group 



bismuth lead melt using a solid oxide type oxygen sensor, remarkable degradation of a sensor will be looked at by 
the corrosion of an electrode metal, and the elution to the inside of melt. In the platinum electrode, degradation 
was especially remarkable. In order to solve the problem about such chemical stability, it is necessary to 
manufacture the electrode which consists of a stable metallic oxide more chemically than a metal. 
[0009] 

Conductivity with the expensive electrode material for solid electrolytes, thermal resistance, and the catalytic 
activity over the dissociative reaction of an oxygen molecule are required. The ruthenium oxide which has 
electronic conduction nature as an ingredient which changes to platinum to this purpose is interesting. 
Furthermore, ruthenium oxide has the stability in the inside of metallic-sodium melt metallurgy group bismuth 
lead melt. 
[0010] 

The purpose of this invention pays its attention to the ruthenium oxide-fully-stabilized-zirconia composite 
electrode made into the mixed phase by the predetermined presentation ratio as an electrode material for solid 
electrolytes. By making the contact section of ruthenium oxide and fully stabilized zirconia in a composite 
electrode bear the function equivalent to the contact section of the conventional electrode and fully stabilized 
zirconia It is in the thing which the area of the part which catches oxygen ionic conduction is made to increase 
by leaps and bounds, and enable actuation of the oxygen sensor in a large temperature requirement, or a fuel cell 
and for which the electrode for solid electrolytes sensitive to stability and oxygen ionic conduction and its 
manufacture approach are offered chemically. Namely, a ruthenium oxide particle and a fully-stabilized-zirconia 
particle aim at increasing the touch area of each particle by considering as the thin film fine structure distributed 
to homogeneity. 
[0011] 

It aims at choosing ruthenium oxide especially as an electrode material, and giving high conductivity, thermal 
resistance, and the dissociation reactivity of an oxygen molecule by composite-izing with fully stabilized zirconia, 
and giving metal-proof melt nature. 
[0012] 

Moreover, the purpose of this invention is considering as the ruthenium oxide which has the thin film fine 
structure which mean particle diameters becomes from the very fine particle of homogeneity particle size 
mostly by 1nm - 100 micrometers about the electrode for solid electrolytes, and is offering the electrode for 
solid electrolytes which has the low-temperature actuation nature and the high-speed responsibility which were 
approximated to the above-mentioned ruthenium oxide-fully-stabilized-zirconia composite electrode. Like the 
thin film fine structure especially formed by the organic metal CVD method (MOCVD law), even if it is a 
ruthenium oxide independent phase, it aims at acquiring low-temperature actuation nature and high-speed 
responsibility, because the particle of the interface part of a substrate and an electrode considers as a very 
detailed particle. 
[0013] 

It aims at fully demonstrating demand characteristics, such as original high conductivity which the area from 
which particle size forms in the thin film fine structure which consists of a very fine particle which gathered 
mostly, and is equivalent to the contact section here by forming a ruthenium oxide-fully-stabilized-zirconia 
composite electrode or a ruthenium oxide electrode with an organic metal CVD method is increased to the 
maximum extent, and this electrode has, high corrosion resistance, and high catalytic activity over the 
dissociative reaction of an oxygen molecule. 
[0014] 

An organic metal CVD method is a CVD method which used the organic metal as a raw material, here — CVD 
(chemical vapor deposition, chemistry gaseous-phase deposit) — law means the approach of making the product 
by reactions, such as a sink, hydrolysis, an autolysis, a photolysis, oxidation reduction, and a permutation, vapor- 
depositing on a substrate on the substrate which heated the gas of a system-of-reaction molecule, or the 
mixture of gas of this and inactive support. 
[0015] 

Furthermore, as the source of a ruthenium, the source of a zirconium, and a source of an yttrium, by using a 
dipivaloyl meta-NETO complex for coincidence, the class and reaction rate of a thin film deposit reaction and a 
by-product are made to approximate mutually, and there is little residue, and it is homogeneous and aims at 
forming the electrode thin film of high performance. 
[0016] 

Furthermore , by use what be obtained by the predetermined synthesis method as a dipivaloyl meta-NETO 
ruthenium , highly , it be few , and the residue after evaporation lessen generation and mixing of foreign matter 
gas other than a dipivaloyl meta-NETO ruthenium , for example , the one half solution by-product of a raw 
material , a carbon system compound , etc. , and advance the reaction on the front face of a substrate to 
homogeneity , and evaporation effectiveness aim at deposit the electrode thin film which consist of a very fine 



particle to which particle size be mostly equal . 
[0017] 

Moreover, since it is chemically stable compared with ruthenium oxide, if fully stabilized zirconia makes [ many J 
the amount of fully stabilized zirconia of a ruthenium oxide-fully-stabilized-zirconia composite electrode, it will 
be thought that the chemical stability of an electrode thin film improves. Although the speed of response of an 
oxygen sensor becomes slow or disadvantageous points, like electromotive force and the limiting current become 
small are predicted when there are few amounts of ruthenium oxide, when chemical stability is important (for 
example, more than the fused lead-bismuth environment where corrosive is high), the engine performance as an 
electrode can be demonstrated. The purpose of this invention proposes the operation of the electrode for solid 
electrolytes which makes fully stabilized zirconia the main phase under the environment where such chemical 
stability is required. 
[0018] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, this invention persons completed header this invention 
for the homogeneity distribution to ruthenium oxide on particle level being possible in a stabilization zirconium 
dioxide with the organic metal CVD method. That is, the electrode for solid electrolytes concerning this invention 
is characterized by forming the ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which it 
has [ electrode ] the thin film fine structure which mean particle diameter becomes from the very fine particle of 
homogeneity particle size mostly by 1nm - 100 micrometers, and made the homogeneity distribution of an 
yttrium fully-stabilized-zirconia phase and the ruthenium oxide phase carry out mutually on particle level in the 
front face of the solid electrolyte substrate of oxygen ion conductivity which consists of a zirconium dioxide 
containing a stabilizing agent. 
[0019] 

As for said ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode, in the electrode for solid 
electrolytes concerning this invention, it is desirable to have formed the volume ratio of a ruthenium oxide phase 
and an yttrium fully-stabilized-zirconia phase in - (5/95) (99/1). 
[0020] 

Moreover, the electrode for solid electrolytes concerning this invention is characterized by forming the 
ruthenium oxide electrode which has the thin film fine structure which mean particle diameter becomes from the 
very fine particle of homogeneity particle size mostly by 1nm - 100 micrometers in the front face of the solid 
electrolyte substrate of oxygen ion conductivity which consists of a zirconium dioxide containing a stabilizing 
agent. Here, as for said ruthenium oxide electrode, it is desirable that it is what has the thin film fine structure 
formed in the oxygen gas content ambient atmosphere with the organic metal CVD method by using a ruthenium 
organometallic complex as a raw material. Here, it is not limited to the membrane formation approach that what 
is necessary is just the thin film fine structure which consists of a very fine particle equivalent to this as an 
example of representation the thin film fine structure acquired by the organic metal CVD method, especially the 
thin film fine structure which consists of very fine particles equivalent to the composite film in the interface of a 
substrate and a thin film as the thin film fine structure. 
[0021] 

As for the solid electrolyte substrate which formed the solid electrolyte substrate in which said ruthenium 
oxide-yttrium fully-stabilized-zirconia composite electrode was formed, or said ruthenium oxide electrode, in the 
electrode for solid electrolytes furthermore built over this invention, it is desirable that it is the configuration 
member of an oxygen sensor or a fuel cell. 
[0022] 

Moreover, the manufacture approach of the electrode for solid electrolytes concerning this invention The 
process which carries out the heating evaporation of a ruthenium organometallic complex, a zirconium 
organometallic complex, and the yttrium organometallic complex, respectively, The process which conveys said 
each organometallic complex which made inert gas evaporate as carrier gas to up to the solid electrolyte 
substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent 
with oxygen gas, The ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which has the thin 
film fine structure which becomes the front face of said solid electrolyte substrate heated to predetermined 
temperature from the mixed phase of a ruthenium oxide phase and an yttrium fully-stabilized-zirconia phase, and 
consists of a very fine particle of homogeneity particle size mostly It is characterized by having the process 
formed with an organic metal CVD method. 
[0023] 

A manufacture approach characterizes by to have the process of the electrode for solid electrolytes concerning 
this invention which carries out the heating evaporation of the ruthenium organometallic complex, the process 
which convey said ruthenium organometallic complex which made inert gas evaporate as carrier gas to up to the 
solid-electrolyte substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a 



stabilizing agent with oxygen gas, and the process which form the ruthenium-oxide electrode which has the thin 
film fine structure which consists of a very fine particle of homogeneity particle size mostly in the front face of 
said solid-electrolyte substrate which heated to predetermined temperature with an organic metal CVD method. 
[0024] 

It is desirable to use a dipivaloyl meta-NETO ruthenium as said ruthenium organometallic complex, and to use a 
dipivaloyl meta-NETO zirconium as said zirconium organometallic complex by the manufacture approach of the 
electrode for solid electrolytes concerning this invention, and to use a dipivaloyl meta-NETO yttrium as said 
yttrium organometallic complex. 
[0025] 

It is desirable to use the dipivaloyl meta-NETO ruthenium which faced to make ruthenium trichloride and 
dipivaloyl methane react under existence of an alkaline reaction accelerator, and to compound a dipivaloyl meta- 
NETO ruthenium by the manufacture approach of the electrode for solid electrolytes furthermore built over this 
invention, flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw material, refined this rough 
raw material by the column-chromatography method, refined by sublimation further, and was obtained as said 
ruthenium organometallic complex. 
[0026] 

Operation of the electrode for solid electrolytes concerning this invention is characterized by using the 
ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which makes an yttrium fully-stabilized- 
zirconia phase the main phase with said electrode for solid electrolytes in corrosive molten metal. 
[0027] 

[Embodiment of the Invention] 

Although an operation gestalt and an example are shown about this invention and being hereafter explained to a 

detail, this invention is limited to these publications and interpreted. 

[0028] 

The procedure which forms a ruthenium oxide-fully-stabilized-zirconia composite electrode (henceforth a 
"composite electrode") on a solid electrolyte substrate hereafter using the CVD membrane formation equipment 
shown in drawing 1_ is explained. The manufacturing installation of drawing 1 is an example. This CVD membrane 
formation equipment is equipped with the source 1 of the generation of gas of inert gas or oxygen gas, the 
quantity-of-gas-flow controller 2, the feeding tubing 3 equipped with the heating unit, the raw material container 
4, the reaction chamber 5 equipped with the heating unit, an exhauster 6, and the substrate attaching part 7. 
[0029] 

Source of the generation of gas 1a supplies the inert gas which is carrier gas. Source of the generation of gas 1b 
supplies oxygen gas. In case quantity-of-gas-flow controller 2a, 2b, and 2c supply the inert gas generated in 
source of the generation of gas 1a, such as an argon and nitrogen gas, to the feeding tubing 3a, 3b, and 3c, 
respectively, they control the flow rate of carrier gas required for each material gas supply pipes 3a, 3b, and 3c, 
respectively. The feeding tubing 3a, 3b, and 3c is equipped with a heating unit, heats each raw material laid in the 
raw material containers 4a, 4b, and 4c installed in the interior, and each raw material container to predetermined 
temperature, makes each raw material evaporate, and supplies each raw material with carrier gas in a reaction 
chamber 5. The oxygen gas which coincidence was made to generate in source of the generation of gas 1b is 
heated by 3d of material gas supply pipes, and it supplies in a reaction chamber 5. The inside of a reaction 
chamber 5 is decompressed by the predetermined pressure with the exhaust air means 6. A substrate 8 is laid in 
the substrate attaching part 7 installed in the reaction chamber 5, and a substrate 8 is heated by predetermined 
temperature by the heating unit of a reaction chamber 5. 
[0030] 

As a raw material, a ruthenium organometallic complex, a zirconium organometallic complex, and an yttrium 
organometallic complex are used. Here, it is desirable to consider as a JIPIPAROIRUMETANETO ruthenium, a 
dipivaloyl meta-NETO zirconium, and a dipivaloyl meta-NETO yttrium as each organometallic complex, it pays 
these raw materials to each raw material container, and lays each raw material containers 4a, 4b, and 4c in each 
feeding tubing 3a and 3b and 3c. 
[0031] 

As for a raw material, it is desirable that a dipivaloyl meta-NETO complex arranges and uses all the raw 
materials of the source of a ruthenium, the source of a zirconium, and the source of an yttrium with a dipivaloyl 
meta-NETO complex desirable still more preferably as above-mentioned. It is thought that the residue in a thin 
film can also be lessened that the class and reaction rate of a thin film deposit reaction and a by-product 
approximate, and it is easy to obtain a homogeneity thin film by arranging a raw material. A dipivaloyl meta- 
NETO complex belongs to beta-diketone complex (R1-CO-CH2-CO-R2). For example, in order that the 
acetylacetonate ruthenium (Ru3 (acac)) belonging to the same beta-diketone complex may obtain required vapor 
pressure as compared with a dipivaloyl meta-NETO ruthenium (Ru3 (dpm)), whenever [ high stoving 
temperature ] is needed. On the other hand, a dipivaloyl meta-NETO ruthenium can set up lower than an 



acetylacetonate ruthenium whenever [ for making it evaporate / stoving temperature ], and does not almost 
have the residue after evaporation, either. Therefore, the utilization ratio of a raw material becomes high. 
[0032] 

It is more desirable to use the dipivaloyl meta-NETO ruthenium which faced to make ruthenium trichloride and 
dipivaloyl methane react under existence of an alkaline reaction accelerator, and to compound a dipivaloyl meta- 
NETO ruthenium in this invention, flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw 
material, refined this rough raw material by the column-chromatography method, and was further refined by 
sublimation. The oxidative degradation in the middle of synthetic does not happen by the reflux under nitrogen- 
gas-atmosphere mind, but the dipivaloyl meta-NETO ruthenium obtained by the above-mentioned process has 
little content of a by-product. Therefore, evaporation effectiveness is high and there is little residue after 
evaporation. Moreover, since there are few contents of a by-product, the decomposition before substrate 
attainment will decrease, and a dipivaloyl [ with still high purity ] meta-NETO ruthenium will be supplied to a 
substrate front face. Furthermore, since there are few the foreign matter gas resulting from decomposition of a 
dipivaloyl meta-NETO ruthenium, for example, the one half solution by-product of a raw material, carbon system 
compounds, etc., the reaction on the front face of a substrate progresses to homogeneity, and it becomes 
possible to deposit of it the composite electrode thin film which consists of a particle to which particle size was 
equal. 
[0033] 

It is under nitrogen-gas-atmosphere mind, for example, 100-230 degrees C, reflux conditions are 120-210 
degrees C, and are 18 - 22 hours preferably for 15 to 25 hours. Moreover, as an alkaline reaction accelerator, a 
sodium hydrogencarbonate, a potassium hydrogencarbonate, etc. can be illustrated, for example. 
[0034] 

The pan of the inactive quality of the material is chosen to each organometallic complex, for example, let a raw 

material pan be a quartz boat. 

[0035] 

In addition, although drawing 1 described the approach to which each dipivaloyl meta-NETO complex is made to 
sublimate, each dipivaloyl meta-NETO complex may be dissolved in an organic solvent, for example, ethanol, it 
may contain in an evaporation container, and a raw material steam may be introduced into a reaction chamber 5 
by bubbling. 
[0036] 

Next, let the inside of a reaction chamber 5 be a predetermined pressure with the exhaust air means 6. 13- 

4000Pa of pressures is preferably set to 13-70Pa. 

[0037] 

A reaction chamber 5 is heated and the substrate 8 laid in the substrate attaching part 7 is heated to 

predetermined temperature. Substrate temperature is made into 400-800 degrees C. 

[0038] 

Let a substrate be the solid electrolyte substrate of oxygen ion conductivity which consists of a zirconium 
dioxide containing a stabilizing agent. As a stabilizing agent, it is desirable that they are metallic oxides, such as 
magnesium oxide, a calcium oxide, an oxidization yttrium, scandium oxide, or cerium oxide. The zirconium dioxide 
containing a stabilizing agent is a stabilization zirconium dioxide (fully stabilized zirconia) or a partial stabilization 
zirconium dioxide (partially stabilized zirconia). 
[0039] 

Next, the feeding tubing 3 is heated and the raw materials 4a, 4b, and 4c in a raw material container are heated. 
Whenever [ each raw material stoving temperature ] is made into 140-270 degrees C. In order to obtain a 
desired evaporation rate, whenever [ raw material stoving temperature ] is adjusted suitably. 
[0040] 

Next, inert gas, for example, argon gas, and nitrogen gas are supplied to the feeding tubing 3a, 3b, and 3c through 
quantity-of-gas-flow controller 2a, 2b t and 2c from source of the generation of gas 1a. Moreover, oxygen gas is 
supplied to 3d of feeding tubing through quantity-of-gas-flow controller 2d from source of the generation of gas 
1b. Oxygen gas is heated with 3d of feeding tubing, in order to unite with the temperature of the carrier gas of 
each raw material. In order to ensure mixing with the inert gas and oxygen gas containing the raw material 
evaporated as the inert gas and oxygen gas containing the vaporized raw material may be separately introduced 
in a reaction chamber or drawing 1 showed, just before introducing into a substrate, you may mix and supply. 
The flow rate of inert gas and oxygen gas adjusts whenever [ flow rate / of the inert gas supplied to each 
feeding tubing /, or stoving temperature / of each raw material ], respectively, in order to adjust suitably and to 
control by the magnitude of a reaction chamber 5, or magnitude of a substrate the presentation of the film whicr 
it is going to obtain. 
[0041] 

The inert gas and oxygen gas containing the vaporized raw material are sent in a reaction chamber 5, and are 



introduced into the heated substrate front face. In addition, since the reaction chamber 5 is set as temperature 
higher than piping which reaches feeding tubing and a reaction chamber, a raw material does not condense and 
solidify it on the way. 
[0042] 

Each raw material which arrived at the substrate front face is pyrolyzed, ruthenium oxide and fully stabilized 
zirconia deposit on a substrate under oxygen existence at coincidence, and a composite electrode thin film is 
formed. 
[0043] 

In addition, theoretically, even if the dipivaloyl meta-NETO complex which is a raw material does not introduce 
oxygen, it can deposit a metallic oxide. However, since a carbon atom is contained, if oxygen is consumed by 
carbonaceous combustion, it will be in reduced condition, and there is a possibility that the oxide of an oxygen 
deficiency may become easy to deposit, and impurities, such as carbon, may mix into a composite electrode. 
Therefore, it is desirable to introduce oxygen gas within limits which prevent these. 

[0044] ■ . * 

Moreover, since the inside of a reaction chamber 5 is made into reducing atmosphere with an organic solvent 
when a dipivaloyl meta-NETO complex is dissolved in an organic solvent and a raw material steam is introduced 
by bubbling, the need of introducing much oxygen arises. Since the oxide of an oxygen deficiency becomes easy 
to deposit and it becomes easy to mix impurities, such as carbon, into a composite electrode, make it therefore, 
more more desirable to evaporate a dipivaloyl meta-NETO complex by sublimation. 
[0045] 

Thus, the obtained composite electrode has the thin film fine structure which becomes the front face of a solid 
electrolyte substrate from the very fine particle of homogeneity particle size mostly, and has the structure in 
which the yttrium fully-stabilized-zirconia phase and the ruthenium oxide phase carried out homogeneity 
distribution mutually on particle level. Namely, the yttrium fully-stabilized-zirconia very fine particle of an 
approximation presentation is in that the distributed condition at this time is the same as that of the ruthenium 
oxide very fine particle and solid electrolyte substrate which play a role of an electrode, or the condition which 
deposited on the front face of a solid electrolyte substrate in the condition of having been mixed with 
homogeneity on particle level. 
[0046] 

In addition, without ruthenium oxide and yttrium fully stabilized zirconia generating as a separate particle, 
ruthenium oxide and yttrium fully stabilized zirconia shall be contained in the same particle by the grain growth 
mechanism by the CVD method, and the composite electrode of this invention shall include according to it the 
case where it consists of this particle. 

[0047] . 
At this time, since the touch area of a ruthenium oxide very fine particle and an yttrium fully-stabilized-zirconia 
very fine particle is very large, it has the thin film fine structure by which the interfacial resistance of a solid 
electrolyte substrate-electrode is reduced. The thin film fine structure which advances raw material 
decomposition to homogeneity on a solid electrolyte substrate, and consists of a very fine particle of 
homogeneity particle size mostly by using the dipivaloyl meta-NETO ruthenium of a further predetermined high 
grade while decline in the raw material utilization ratio by side reaction advance in raw material conveyance etc. 
is suppressed is acquired. 
[0048] 

The composite electrode which has such the fine structure does not have change in the fine structure, even it 
long duration use is carried out with high operating temperature, and it does not have property degradation. 
Moreover, the increment in interfacial resistance of a solid electrolyte substrate-electrode is controlled. The 
particle size of each particle of the ruthenium oxide which constitutes the composite film, or fully stabilized 
zirconia is possible from the cluster which consists of a number atom to a dozens of micrometers particle. That 
is, the composite film is constituted by the particle from 1nm to about 100 micrometers although influenced by 
membrane formation conditions. The touch area of ruthenium oxide and fully stabilized zirconia can be increased 
by leaps and bounds on a solid electrolyte substrate as compared with the case where a ruthenium oxide thin 
film is deposited, by making a composite electrode into the thin film fine structure which 1nm - 100 micrometers 
of mean particle diameter become from the uniform particle whose mean particle diameter is 1nm - 50 
micrometers more preferably. 
[0049] 

Thus, when two or more raw materials with a CVD method are deposited in coincidence, particle growth is 
controlled among each phase of the nucleation and particle growth included in the usual deposit process, and a 
thin film can be made to form by the very fine particle with a very small particle size as compared with an 
independent phase. When a raw material reaches near the different-species particle, this is not to result in 
particle growth but for nucleation to happen, even if a decomposition reaction advances on a particle front face 



in [ for example, when / when a ruthenium raw material reaches near the zirconia particle or when a zirconium 
raw material reaches near the ruthenium oxide particle ]. Moreover, it is because the particle growth by junction 
between particles of the same kind is also sharply controlled by being intermingled with the different-species 
particle. 
[0050] 

Therefore, adoption of a CVD method has contributed greatly the touch area of ruthenium oxide and fully 
stabilized zirconia to increasing. Namely, if the mixed paste of ruthenium oxide-fully stabilized zirconia is 
compared with the approach which can be burned, since it can consider as the thin film fine structure which 
consists of particles with a uniform and more detailed particle size it is possible in increasing the area equivalent 
to the above-mentioned contact section, and can be burned further, the effect of the solvent evaporation at the 
time, a lipobiolite ghost, etc. is eliminated, and demand characteristics, such as original high conductivity which 
this electrode has, high corrosion resistance, and high catalytic activity over the dissociative reaction of an 
oxygen molecule, are demonstrated — things can be carried out. 
[0051] 

Moreover, if it compares with solution methods, such as a sol gel process, electrode formation is possible with 
adhesion sufficient moreover at low temperature, the effect of the solvent evaporation at the time of sintering, a 
lipobiolite ghost, etc. can be eliminated, and the property of electrode original can be demonstrated. 
[0052] 

As for the composite electrode formed in the front face of the solid electrolyte substrate of oxygen ion 
conductivity which consists of a zirconium dioxide containing a stabilizing agent, it is desirable to have the 
following presentation, namely, a composite electrode — the volume ratio of the viewpoint of low-temperature 
actuation nature and high-speed responsibility to a ruthenium oxide phase, and an yttrium fully-stabilized- 
zirconia phase - (5/95) (99/1) — it is preferably desirable - (20/80) (95/5) and to form in - (50/50) (95/5) more 
preferably. This volume ratio can be freely controlled by the evaporation temperature of a raw material, a carrier 
gas flow rate, etc. 
[0053] 

Moreover, when it is the presentation to which a yttria-stabilized-zirconia phase turns into the main phase, 
especially the presentation to which the volume ratio of a ruthenium oxide phase and an yttrium fully-stabilized- 
zirconia phase becomes - (1/99) (20/80), and chemical stability is important (for example, more than the fused 
lead-bismuth environment where corrosive is high), the engine performance as an electrode can be 
demonstrated. It is because the chemical stability of an electrode thin film will improve if fully stabilized zirconia 
makes [ many ] the amount of fully stabilized zirconia of a ruthenium oxide-fully-stabilized-zirconia composite 
electrode, since it is chemically stable compared with ruthenium oxide. However, since the speed of response of 
an oxygen sensor becomes slow or disadvantageous points, like electromotive force and the limiting current 
become small are predicted when there are few amounts of ruthenium oxide, it can use for the quantum of an 
oxygen density by producing a calibration curve beforehand. Therefore, it is suitable when using it under the 
environment where chemical stability is required. 
[0054] 

Since the composite electrode of this invention made the stabilization zirconium dioxide which is the 
presentation of a solid electrolyte substrate the thin film fine structure which carries out homogeneity 
distribution at the ruthenium oxide which is an electrode material, it is suitable especially as a configuration 
member of the oxygen sensor and fuel cell which are the field which uses the substrate in which this electrode 
was formed, at an elevated temperature as above-mentioned. 
[0055] 

In addition, thickness of an electrode is made into the optimal thickness, for example, 100nm - 200 micrometers, 
with the configuration of a solid electrolyte oxygen sensor or a solid oxide fuel cell, magnitude, etc. Moreover, 
you may be thickness 1 micrometer or less like the example mentioned later. Thickness can be controlled by 
conditions, such as the amount of supply of a raw material, and membrane formation time amount. 
[0056] 

In this operation gestalt, what has the thin film fine structure which consists of a very fine particle very much 
like the thin film fine structure which may be the ruthenium oxide electrode which has the thin film fine structure 
which mean particle diameter becomes from the very fine particle of homogeneity particle size mostly by 1nm - 
100 micrometers, and was formed in the front face of a ruthenium oxide single phase thin film, especially a solid 
electrolyte substrate in the oxygen gas content ambient atmosphere with the organic metal CVD method by 
using a ruthenium organometallic complex as a raw material especially in this case is good. Since the grain child 
who looks at a front face by the SEM image of drawing 6 about a ruthenium oxide electrode is coarse, the engine 
performance is apparently considered to be bad, but in the CVD method, even if it is common on the part near a 
substrate, and a membranous front face that a detailed organization changes and a SEM image (surface image) 
looks coarse, the very detailed particle is generating to the interface with a substrate, and good interface 



electrical conductivity is obtained. In addition, if yttria stabilized zirconia is mixed, a particle will become fine and 

the performance degradation by the amount of ruthenium oxide decreasing and improvement in the engine 

performance by a particle becoming fine will take place to coincidence, this invention persons are guessing it 

because this factor has balanced that no interface conductivity is changeless in the example mentioned later, 

and it is almost changeless at the 20 - 100% of the amounts of ruthenium oxide. 

[0057] 

[Example] 

(Evaporation test of a raw material) 

Thermogravimetric analysis was performed by making into an example the dipivaloyl meta-NETO ruthenium 
which faced making ruthenium trichloride and dipivaloyl methane react under existence of an alkaline reaction 
accelerator, and compounding a dipivaloyl meta-NETO ruthenium, flowed back within the limits of 155-200 
degrees C under nitrogen-gas-atmosphere mind for 20 hours, obtained the rough raw material, refined this rough 
raw material by the column-chromatography method, and was further refined by sublimation. A result is shown in 
drawin g 2 . It began to sublimate from near 140 degree C, and sublimated completely near 230 degree C so that 
clearly from a thermogravimetric curve. On the other hand, when the sublimation test same as an example of a 
comparison was performed, it was begun from near 200 degree C to sublimate an acetylacetonate ruthenium 
(Ru3 (acac)X and sublimation was completed near 270 degree C. Similarly the result was shown in drawin g 2 . 
Therefore, a dipivaloyl meta-NETO ruthenium has a vapor pressure property higher than an acetylacetonate 
ruthenium at low temperature. Moreover, since evaporation stability is good, there is little residue. This has 
suggested that a dipivaloyl meta-NETO ruthenium is stabilized and even a substrate reaches. 
[0058] 

Moreover, the thermogravimetric curve of the dipivaloyl meta-NETO zirconium (Zr4 (dpm)) used by this example 
and a dipivaloyl meta-NETO yttrium (Y(dpm) 3) (both FURUYA Metal) was shown in drawing 3 and drawing 4 , 
respectively. These raw materials also had little evaporation residue, and it was excellent in evaporation stability. 

[0059] 
(Example 1) 

The composite electrode was formed on the yttria stabilization zirconium dioxide substrate using the equipment 
of drawing 1 . The dipivaloyl meta-NETO ruthenium, the dipivaloyl meta-NETO zirconium, and the dipivaloyl 
meta-NETO yttrium were introduced all over the reaction chamber with oxygen gas by making an argon into 
carrier gas. Each carrier gas flow rate Dipivaloyl meta NETO ruthenium supply pipe (following F (Ru)) 4.0x10- 
7m3/s. JIPIPAROIRUMETANETO zirconium supply pipe (following F (Zr)) 1.0x10-7m3/s, Dipivaloyl meta NETO 
yttrium supply pipe (following F (Y)) 0.5x1 0-7m3/s, the oxygen gas flow rate was set to 3.2x1 0-7m3/s, and 
formed membranes at the substrate temperature of 650 degrees C for 60 minutes. This film consisted of 92vol 
(s)% Ru02 and 8vol(s)% fully stabilized zirconia as a result of the component analysis by EPMA. This electrode 
thin film was made into the example 1. 
[0060] 
(Example 2) 

On the same conditions as an example 1, F (Ru) was replaced with 3.5x1 0-7m3/s, and membranes were formed. 
The obtained film consisted of 74vol% Ru02 and 26vol(s)% fully stabilized zirconia. This electrode thin film was 
made into the example 2. 
[0061] 
(Example 3) 

The electrode thin film which consists only of ruthenium oxide on the same substrate was produced using the 

equipment of drawing 1 , and it considered as the example 3. 

[0062] 

(Example 1 of a comparison) 

By paste baking, the ruthenium oxide electrode was produced on the same substrate, and it considered as the 

example 1 of a comparison. 

[0063] 

(Fine structure evaluation) 

observation of the fine structure according to electronic ****** (SEM) about the electrode of an example, and 
the homologous by the X diffraction (XRD) — the law was performed. The result of SEM observation of an 
example 1 was shown in drawing 5 . The result of SEM observation of an example 3 was shown in drawing 6 . In 
the example 1 of drawing 5 , it turned out that the spherical particle with a diameter of about 10nm generated. 
The magnitude of the particle of an example 1 is the magnitude of 1/10 to 1/100 compared with the magnitude 
of the particle of the example 3 shown in drawing 6 . The example 2 also had the almost same fine structure as 
an example 1. This is because grain growth of a ruthenium oxide particle and a fully-stabilized-zirconia particle 
was controlled by compositeHzation. Moreover, it checked by XRD that the film of an example 1 and an example 



2 was a mixed phase which consists of a ruthenium oxide (Ru02) phase and a fully-stabilized-zirconia phase. In 
addition, the example 1 and the example 2 of thickness were about 400nm. In addition, the thin film of an 
example 3 was formed of the very detailed particle in the interface with a substrate. Moreover, the thin film of 
the example 1 of a comparison had a very large particle size as compared with examples 1-3, and particle size 
was a number - 10 microns of numbers also in the direction of thickness. Moreover, in the example, it was 
mutually in contact, the opening was seen between particles in the example 1 of a comparison to having been a 
very precise electrode, and particles were **** electrodes. It was difficult to form a precise electrode by about 
several microns thickness in the example 1 of a comparison. 
[0064] 

(Electrical-characteristics evaluation) 

Lead wire was attached to the front face of the electrode which consists of a composite electrode of examples 

1 and 2, and ruthenium oxide of an example 3, and complex impedance by the alternating current impedance 
method was evaluated. 

[0065] 

The Cole Cole plot of an example 1 was shown in drawing 7 . This drawing shows that there are about three 
semicircles. The small semicircle near a zero (C-10-12F) is not based on the class of electrode, and is the 
conductivity of the bulk of a stabilization zirconium dioxide substrate. The semicircle (C=3.2x10-10F) of the 
continuing right-hand side shows the conductivity of the grain boundary component of a substrate. The quarter 
circle (C=2.98x10-6F) of the continuing right-hand side shows the conductivity of the interface component of a 
substrate and an electrode. In the example 1, it turns out that it is greatly dependent on the class of electrode, 
and the electrode interface reaction is advancing very easily since the quarter circle resulting from electrode 
interfacial resistance (C=2.98x10-6F) is small and the conductivity of the interface component of a substrate 
and an electrode is large. This originates in the area of the part which catches oxygen ionic conduction in a 
composite electrode being very large as the column of fine structure observation described it. 
[0066] 

The result evaluated about the temperature dependence of the electrode interfacial resistance component of an 
electrode was shown in drawingjB about examples 1-3. The composite electrode of an example 1 and an example 

2 had electrical conductivity higher than the example 3 in all temperature requirements, and it turned out that 
the electrical conductivity of 10 times or more is shown. That is, it turns out as an electrode very sensitive to 
oxygen ionic conduction that the example is suitable. 

[0067] 

Moreover, since it consisted of only oxides, use in metal melt, such as melting Pb-Bi, was also possible. 

[0068] 

(Example 4) 

240-300 degrees C was made to heat and evaporate each raw material under reduced pressure (0.4kPa) using 
the same raw material as an example 1, and it introduced into the coil with oxygen gas by making an argon into 
carrier gas. The film presentation was controlled by raw material evaporation temperature. To the substrate, 
membranes were formed for 15 minutes at the substrate temperature of 650 degrees C using the YSZ (8mol% 
Y203) sintered compact. About the obtained film, evaluation of the electrical characteristics by SEM observation 
and transmission electron microscope (TEM) observation, direct current anodizing, and AC impedance method 
and the operational test of an oxygen shade eel were performed. 
[0069] 

The surface transmission image by TEM observation was shown in drawing 9 . Moreover, the membranous cross- 
section SEM photograph was shown in drawing 10 . The obtained composite film had the fine structure which the 
detailed spherical particle generated densely, and was 50-80nm. The membranous cross-section SEM 
photograph showed that the film was forming membranes precisely. 
[0070] 

The analysis by XPS (photoelectron spectroscopy equipment) showed that Ru in the Ru-YSZ film existed as 

Ru02. 

[0071] 

(Example 5) 

The Ru02-YSZ composite film was formed on the same membrane formation conditions as an example 4 except 
having changed the concentration of each material gas and having formed membranes. The concentration of 
each material gas was controlled by adjusting each raw material evaporation temperature. Change of the 
electrode / YSZ interface conductivity when changing the presentation of the Ru02-YSZ composite film is 
shown in drawing j 1 . It is thought that it became max by 1 5-20vol%RuO2 because the touch area between the 
different-species particles in the inside of the film became max near this. Moreover, the property almost 
equivalent to the composite film was able to be acquired also about the thin film of 100vol%RuO2. However, in 
less than two 5vol%RuO, decline in interface conductivity was seen. 



[0072] 

The oxygen shade eel shown in drawing 1 2 was produced. Aging of the electromotive force of the oxygen density 
eel when changing an oxygen density to drawing 13 in 923K was shown. The data when considering as 20 and 
50,100RuO2vol% also united and put the presentation of a Ru02~YSZ composite electrode on drawing 13 . The 
oxygen shade eel using the Ru02~YSZ composite electrode of these presentations showed the electromotive 
force which follows the formula of Nernst above 550 degrees C. The speed of response in 650 more degrees C 
had the very quick speed of response in 10- 20s. Moreover, repeat stability was also good. Also about the thin 
film of 100vol%RuO2, the property almost equivalent to the composite film was able to be acquired. 
[0073] 

[Effect of the Invention] 

When using fully stabilized zirconia for an oxygen sensor or a solid oxide fuel cell, a motion of very few oxygen 
ion can also be taken out as a signal, and, as for the composite electrode manufactured by this invention, 
enables actuation at low temperature. This increases the touch area by leaps and bounds by making the mixed 
phase which made ruthenium oxide carry out homogeneity distribution of the fully stabilized zirconia on particle 
level form, and realizes sensitive-ization of oxygen ionic conduction by reducing resistance of an electrode and a 
fully-stabilized-zirconia interface remarkably. 
[0074] 

Since the electrode of this invention chose ruthenium oxide with metal-proof melt nature as an electrode 
material, it can offer the solid oxide type oxygen sensor which can carry out the quantum of the oxygen density 
in metallic-sodium melt metallurgy group bismuth lead melt very sensitively. At this time, the electromotive force 
as a theoretical value can be acquired at about 550-degree C low temperature. Moreover, a speed of response is 
very quick. Moreover, repeat stability was also good. Since the result as a theoretical value is obtained at low 
temperature, it can be used for exhaust gas sensors, such as not only the solid oxide type oxygen sensor 
operated at 700-800 degrees C but an automobile which is an electrolytic current method pin center.large. 
Furthermore, it can be used for the oxygen sensor in the molten metal containing the oxygen sensor in molten 
metal especially lead, and a bismuth. 
[0075] 

Moreover, in this invention, considering as the ruthenium oxide which has the thin film fine structure which mean 
particle diameter becomes from the very fine particle of homogeneity particle size mostly by 1nm - 100 
micrometers about the electrode for solid electrolytes can also obtain high interface electrical conductivity, and 
it has low-temperature actuation nature and high-speed responsibility. Like the thin film fine structure formed 
especially by the MOCVD method, even if it is a ruthenium oxide independent phase, low-temperature actuation 
nature and high-speed responsibility are acquired, because the particle of the interface part of a substrate and 
an electrode considers as a very detailed particle. 
[0076] 

Moreover, since the composite electrode was formed with the organic metal CVD method in this invention, it 
made it possible to fully demonstrate demand characteristics, such as original high conductivity which the area 
which forms in the thin film fine structure which consists of a very fine particle to which particle size was equal, 
and is equivalent to the contact section is increased to the maximum extent, and this electrode has, high 
corrosion resistance, and high catalytic activity over the dissociative reaction of an oxygen molecule. Even if it 
compares adoption of a CVD method with solution methods, such as a method of burning a paste, and a sol gel 
process, it contributes to quality improvement of an electrode, and increaseHzation of a touch area. 
[0077] 

Furthermore, as the source of a ruthenium, the source of a zirconium, and a source of an yttrium, since a 
dipivaloyl meta-NETO complex is used for coincidence, the class and reaction rate of a thin film deposit reaction 
and a by-product are made to approximate mutually, there is little residue, it is homogeneous and it is possible 
to form the electrode thin film of high performance. 
[0078] 

Furthermore, it was possible to have deposited the thin film with which evaporation effectiveness consists of a 
very fine particle to which there was little residue after evaporation, foreign matter gas other than a dipivaloyl 
meta-NETO ruthenium, for example, the one half solution by-product of a raw material, a carbon system 
compound, etc. were lessened, the reaction on the front face of a substrate was advanced to homogeneity, and 
particle size was mostly equal highly by use what was obtained by the predetermined synthesis method as a 
dipivaloyl meta-NETO ruthenium. 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram having shown one gestalt of the manufacturing installation used for 
formation of the electrode for solid electrolytes by the example of this invention. 

[Drawing 2] It is drawing showing the thermogravi metric curve of a raw material, and is a showing [ two 
examples, Ru (dpm)3 and Ru (acac)3, ] thing. 



[Drawing 3] It is drawing showing the thermogravimetric curve of a raw material, and is a showing [ Zr (dpm)4 ] 
thing. 

[Drawing 4] It is drawing showing the thermogravimetric curve of a raw material, and is a showing [ Y(dpm) 3 ] 
thing. 

[Drawing 5] It is drawing (image) showing the electron microscope photograph of the electrode of an example 1. 
[Drawing 6] It is drawing (image) showing the electron microscope photograph of the electrode of an example 3. 
[Drawing 73 It is the Cole Cole plot of the electrode of an example 1 . 

[Drawing 8] It is drawing showing the temperature characteristic of the electrical conductivity in an electrode- 
solid electrolyte interface, and an example 1, an example 2, and an example 3 are shown, respectively. 
[Drawing 9] It is drawing showing the surface transmission image by TEM observation of the sample of an 
example 4. 

[Drawing 10] It is drawing showing the image of the cross-section SEM photograph of the sample of an example 
4^ 

[ Dra wing 11] It is drawing showing change of the electrode / YSZ interface conductivity by the presentation of 
the Ru02-YSZ composite film. 

[Drawing J 2] It is the conceptual diagram showing one gestalt of the configuration of the oxygen shade eel using 
the Ru02-YSZ composite film. 

[Drawing 13] It is drawing showing change of the electromotive force of the oxygen density eel when changing an 

oxygen density in 923K. 

[Description of Notations] 

1a, an inert gas generation source 

1b, an oxygen gas generation source 

2, a quantity-of-gas-flow controller 

3, feeding tubing 

4, a raw material container, and a raw material 
5 Reaction chamber 

6, an exhaust air means 

7, a substrate attaching part 
8 Substrate 

[Translation done.] 
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3.1n the drawings, any words are not translated. 



WRITTEN AMENDMENT 
[Procedure revision] 

[Filing Date] July 10, Heisei 15 (2003. 7.10) 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Addition 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

The electrode for solid electrolytes characterized by forming the ruthenium oxide-yttrium fully-stabilized- 
zirconia composite electrode which it has [ electrode ] the thin film fine structure which mean particle diameter 
becomes from the very fine particle of homogeneity particle size mostly by 1nm - 100 micrometers, and made 
the homogeneity distribution of an yttrium fully-stabilized-zirconia phase and the ruthenium oxide phase carry 
out mutually on particle level in the front face of the solid electrolyte substrate of oxygen ion conductivity which 
consists of a zirconium dioxide containing a stabilizing agent. 
[Claim 2] 

Said ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode is an electrode for solid electrolytes 
according to claim 1 characterized by forming the volume ratio of a ruthenium oxide phase and an yttrium fully- 
stabilized-zirconia phase in - (5/95) (99/1). 
[Claim 3] 

The electrode for solid electrolytes characterized by forming the ruthenium oxide electrode which has the thin 
film fine structure which mean particle diameter becomes from the very fine particle of homogeneity particle size 
mostly by 1nm - 100 micrometers in the front face of the solid electrolyte substrate of oxygen ion conductivity 
which consists of a zirconium dioxide containing a stabilizing agent. 
[Claim 4] 

Said ruthenium oxide electrode is an electrode for solid electrolytes according to claim 3 characterized by having 
the thin film fine structure formed in the oxygen gas content ambient atmosphere with the organic metal CVD 
method (MOCVD law) by using a ruthenium organometallic complex as a raw material. 
[Claim 5] 

The solid electrolyte substrate in which the solid electrolyte substrate in which said ruthenium oxide-yttrium 
fully-stabilized-zirconia composite electrode was formed, or said ruthenium oxide electrode was formed is an 
electrode for solid electrolytes according to claim 1, 2, 3, or 4 characterized by being the configuration member 
of an oxygen sensor or a fuel cell. 
[Claim 6] 

The process which carries out the heating evaporation of a ruthenium organometallic complex, a zirconium 
organometallic complex, and the yttrium organometallic complex, respectively. The process which conveys said 
each organometallic complex which made inert gas evaporate as carrier gas to up to the solid electrolyte 
substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent 
with oxygen gas, The ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which has the thin 
film fine structure which becomes the front face of said solid electrolyte substrate heated to predetermined 
temperature from the mixed phase of a ruthenium oxide phase and an yttrium fully-stabilized-zirconia phase, and 
consists of a very fine particle of homogeneity particle size mostly The manufacture approach of the electrode 
for solid electrolytes characterized by having the process formed with an organic metal CVD method. 
[Claim 7] 

The manufacture approach of the electrode for solid electrolytes characterized by to have the process which 
carries out the heating evaporation of the ruthenium organometallic complex, the process which convey said 
ruthenium organometallic complex which made inert gas evaporate as carrier gas to up to the solid-electrolyte 
substrate of oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent 



with oxygen gas, and the process which form the ruthenium-oxide electrode which has the thin film fine 
structure which consists of a very fine particle of homogeneity particle size mostly in the front face of said 
solid-electrolyte substrate heated to predetermined temperature with an organic metal CVD method. 
[Claim 8] 

The manufacture approach of the electrode for solid electrolytes according to claim 6 or 7 characterized by 
using a dipivaloyl meta-NETO ruthenium as said ruthenium organometallic complex, and using a dipivaloyl meta- 
NETO zirconium as said zirconium organometallic complex, and using a dipivaloyl meta-NETO yttrium as said 
yttrium organometallic complex. 
[Claim 9] 

The manufacture approach of the electrode for solid electrolytes according to claim 6, 7, or 8 characterized by 
using the dipivaloyl meta-NETO ruthenium which faced making ruthenium trichloride and dipivaloyl methane 
react under existence of an alkaline reaction accelerator, and compounding a dipivaloyl meta-NETO ruthenium, 
flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw material, refined this rough raw 
material by the column-chromatography method, refined by sublimation further, and was obtained as said 
ruthenium organometallic complex. 
[Claim 10] 

Operation of the electrode for solid electrolytes characterized by using the ruthenium oxide-yttrium fully- 
stabilized-zirconia composite electrode which makes an yttrium fully-stabilized-zirconia phase the main phase 
with the electrode for solid electrolytes according to claim 1 in corrosive molten metal. 
[Claim 11] 

The solid oxide type oxygen sensor characterized by forming the electrode of a sensor with the electrode for 
solid electrolytes according to claim 1, 2, 3, 4, or 5, and generating the electromotive force as a theoretical value 
mostly in 550 degrees C. 
[Claim 1 2] 

The exhaust gas sensor characterized by forming the electrode of a sensor with the electrode for solid 

electrolytes according to claim 1, 2, 3, 4, or 5. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[The contents of amendment] 

[0001] 

[Field of the Invention] 

This invention relates to the electrode for solid electrolytes of oxygen ion conductivity applied to a solid oxide 

type oxygen sensor, a solid oxide fuel cell, etc., and its manufacture approach list at the operation. Furthermore, 

the solid oxide type oxygen sensor and exhaust gas sensor using it are attained to. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0026 

[Method of Amendment] Modification 

[The contents of amendment] 

[0026] 

Operation of the electrode for solid electrolytes concerning this invention is characterized by using the 
ruthenium oxide-yttrium fully-stabilized-zirconia composite electrode which makes an yttrium fully-stabilized- 
zirconia phase the main phase with said electrode for solid electrolytes in corrosive molten metal. Moreover, the 
solid oxide type oxygen sensor concerning this invention forms the electrode of a sensor with the above- 
mentioned electrode for solid electrolytes concerning this invention, and is characterized by generating the 
electromotive force as a theoretical value mostly in 550 degrees C. Furthermore, the exhaust gas sensor 
concerning this invention is characterized by forming the electrode of a sensor with the electrode for solid 
electrolytes concerning this invention. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0074 
[Method of Amendment] Modification 
[The contents of amendment] 
[0074] 

Since the electrode of this invention chose ruthenium oxide with metal-proof melt nature as an electrode 
material, it can offer the solid oxide type oxygen sensor which can carry out the quantum of the oxygen density 
in metallic-sodium melt metallurgy group bismuth lead melt very sensitively. At this time, the electromotive force 



as a theoretical value can be acquired at about 550-degree C low temperature. Moreover, a speed of response is 

very quick. Moreover, repeat stability was also good. Since the result as a theoretical value is obtained at low 

temperature, it can be used for exhaust gas sensors, such as not only the solid oxide type oxygen sensor 

operated at 700-800 degrees C but an automobile which is a limiting current method sensor. Furthermore, it can 

be used for the oxygen sensor in the molten metal containing the oxygen sensor in molten metal especially lead, 

and a bismuth. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] drawing 2 

[Method of Amendment] Modification 

[The contents of amendment] 

[D rawin g 2] It is drawing showing the thermogravimetric curve of a raw material, and two examples, Ru (dpm)3 

and Ru (acac)3, are shown. 

[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] drawing 3 

[Method of Amendment] Modification 

[The contents of amendment] 

[Drawing 3] It is drawing showing the thermogravimetric curve of a raw material, and Zr (dpm)4 is shown. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] drawing 4 

[Method of Amendment] Modification 

[The contents of amendment] 

[Drawing 4] It is drawing showing the thermogravimetric curve of a raw material, and Y(dpm) 3 is shown. 



[Translation done.] 
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